Evidence is presented to show the presence in normal rat serum of four different serum factors essential for growth of 3T3 or SV40-transformed 3T3 mouse fibroblasts: a factor that specifically promotes growth of normal 3T3 cells; two factors that specifically promote growth of transformed 3T3 cells; and a factor that sustains viability of both normal and transformed 3T3 cells in serum-free medium, probably without inducing growth of the cells. These factors are separated and partially purified. Standard assay for growth factors 105 3T3 (or SV-3T3, SV-3T3-F101, or PySV-3T3) cells were plated in 0.4% (or 0.2%) calf serum, an amount of serum in the medium that does not induce a significant increase in cell number per dish over a period of 3 days. Cultures were incubated at 370C in a CO2 incubator in the presence of the samples to be tested (usually 0.1-0.4 ml/dish). Numbers of cells were determined in a Coulter Counter 3 days after the start of the experiment. When the rate of DNA synthesis was investigated, incorporation of [3Hlthymidine into trichloroacetic-precipitable material was determined. In this type of experiment, 105 cells were plated in 55-mm plastic dishes containing two 12-mm glass coverslips. Cultures were incubated for 19 hr with the samples to be tested. After the addition of 1 pCi/ml of [H1Ithymidine (42 Ci/mol), the cultures were incubated for 4 hr. Coverslips were washed, fixed, extracted with trichloroacetic acid, rinsed with water, and dried; radioactivity was assayed in a Beckman scintillation counter.
Most mammalian cells in tissue culture are unable to grow in a medium containing amino acids, vitamins, and glucose unless serum is added (1) . Several observations suggest that the regulation of DNA synthesis and cell division in 3T3 fibroblasts, an established mouse cell line that possesses a high degree of sensitivity to "contact inhibition of cell division" in culture (2, 3) , is controlled by factors present in serum: (a) the final cell density of a 3T3 culture is directly proportional to the concentration of serum present in the medium (4-6); (b) the growth-promoting activity of serum for 3T3 cells is depleted when 3T3 cells are grown in serumcontaining medium (5, 6) ; and (c) DNA synthesis and cell division can be initiated in confluent, nondividing 3T3 monolayers by adding fresh serum (6, 7) . On the other hand, several authors (5, 6, 8) have described experiments that show that DNA initiation in confluent, resting cells depends in part on the release of cells from intimate contact with other cells (e.g., in the edge of a wound scratched in a resting monolayer). In summary, the evidence indicates that the amount of serum factors present in the medium, as well as the proximity of cells to one another, influence the growth rate.
3T3 cells transformed by SV40 virus (SV-3T3) have a much lower requirement for serum than normal 3T3 cells and do not exhibit "contact inhibition of cell division" (5, 8) . A similar change in requirement for growth-promoting factors in serum has been shown for several types of cells transformed by oncogenic viruses (9) (10) (11) .
In investigations of the regulation of DNA synthesis and cell division in 3T3 and SV-3T3 cells in tissue culture, it would be helpful to purify serum factors involved in these processes and to study their mode of action. We describe here the separation and partial purification of growth-promoting factors in normal serum.
MATERIALS AND METHODS
[1H]Thymidine was obtained from New England Nuclear Corp. Fetal 4 hr. Coverslips were washed, fixed, extracted with trichloroacetic acid, rinsed with water, and dried; radioactivity was assayed in a Beckman scintillation counter.
Standard assay for "survival" factor 105 3T3 (or SV-3T3) cells were plated in serum-free medium. Approximately 2-8 hr later, after the cells attached to the dish, 0.1-0.4 ml of the samples to be tested was added to the culture. [3] [4] days after the start of the experiment the cells were counted.
All cell counts were performed in duplicate; all experiments were repeated at least three times. Growth-promoting activity of whole rat serum for 3T3 and SV-3T3 cells is remarkably stable over a broad pH range (Fig. 1) . Heat treatment (1000C for 2 min) at pH 7.5 virtually inactivates the serum. The same treatment performed at pH 2, however, does not significantly inactivate the growthpromoting activities of the serum (Table 2) .
Initial attempts to fractionate serum were unsuccessful, as growth-promoting activities for 3T3 and SV-3T3 cells could not be purified at neutral pH. Ammonium sulfate fractionation of rat serum at pH 8.0 spreads the growthpromoting activity for 3T3 and SV-3T3 cells throughout all fractions. The greatest activity appears in fractions containing the most protein. Ion-exchange chromatography on DEAE-cellulose at pH 7.4 shows growth-promoting activities in the void volume, as well as in several retarded fractions at higher salt concentrations.
Electrophoresis of rat serum at pH 8.6 (veronal buffer) on Cellogel (cellulose acetate) results in a partial separation of peaks of growth-promoting activity specific for 3T3 and SV-3T3 cells (Fig. 2a) . Both activities run in the a-, globulin region. Electrophoresis on Pevikon (Veronal buffer, pH 8.6) also partially resolves both growth-promoting activities (Fig. 2b) . Although the activity peaks spread over a considerable range, and are not readily separated from each other, this method is useful for preparative purposes.
Gel filtration of rat serum at pH 7.4 (or higher pH) does not resolve the different growth-promoting activities from the bulk of the proteins (Fig. 3a) . Gel filtration at pH 2, however, completely separates growth-promoting activities for 3T3 and SV-3T3 cells (peaks I, II, and III in Fig. 3b ). All three activities are stable for up to 6 months if stored at 4C. Growth-promoting activities are nondialyzable and trypsin-labile.
The possibility that two different growth-promoting factors (one specific for 3T3 cell growth, the second specific for SV-3T3 cell growth) might be present in normal serum was suggested by experiments described by Holley and Kiernan (5) and Jainchill and Todaro (12) . Our experiments show that there are two distinct growth-promoting activities present in normal rat serum: one limits the growth of 3T3 cells, the other limits the growth of SV-3T3 cells.
We can only speculate about the mechanism by which peaks I, II, and III originate when serum is acidified. One possible explanation is that a high molecular weight complex (activity peak in Fig. 3a) dissociates at pH 2 to yield high molecular weight "carriers" and low molecular weight molecules that are biologically active (e.g., peaks II and III in Fig. 3b ). Peak I, which promotes the growth of SV-3T3 cells, has not been separated from the bulk of the serum proteins, and so has not been purified. The molecular weight seems to be at least 50-70,000. Peak II, rechromatographed on Sephadex G-100 at pH 2, promotes the growth of 3T3 cells and is 20-to 25-fold purified compared to serum. Its molecular weight appears to be 20,000-35,000. This factor was first described by Holley and Kiernan (5). Dialyzed peak III, which promotes growth of SV-3T3 cells, is 80-to 100-fold purifiedcompared to rat serum. Peak III is eluted from the column together with salt; this suggests a strong interaction with the gel. Because of the "stickiness" of the factor to both Sephadex G-100 and Sephadex G-25, no conclusion about its molecular weight can be drawn. However, the molecular weight is probably above 5,000 because peak III is nondialyz- able. The estimates of the molecular weights of peaks I and II would be low if they bind to the matrix as does peak III.
Combination of peaks I and III in the biological assay (with SV-3T3 cells) does not result in greater than additive growthpromoting activity, as determined in separate assays: therefore, peaks I and III are probably not complementary to each other.
Several other transformed cell lines have been tested for their requirement for serum growth factors. The results listed in Table 3 suggest that peaks I and III are active for all the transformed lines. Pollack (13) has described a phenotypic revertant of the SV-3T3 cell. This cell contains the SV40 genome but has regained "contact inhibition of cell division". It resembles the nonmalignant 3T3 cell in that both are not agglutinable by wheat-germ agglutinin (14) . This cell line (SV-3T3-F1O1) grows when peak I and/or peak III (but not peak II) are added; in this respect, it is identical to the the column depicted in Fig. 3b SV-3T3 cell line. Growth-promoting activity for SV-3T3, SV-3T3-F101, and SV-Py-3T3 cells is present in identical fractions when peak III is chromatographed on Sephadex G-25 at pH 2. SV-3T3 cells require less of this fraction for growth than do SV-3T3-F101 cells.
Holley and Kiernan (4) have described a growth-promoting activity for 3T3 cells present in human urine. We extended the experiments and found that human urine contains a growth-stimulating activity for SV-3T3 cells. This urine factor has a mobility similar to that of peak III on Sephadex G-100 at pH 2. Further purification is necessary to establish the identity of these factors.
In the preceding experiments, growth-promoting activity in peaks I, II, and III was always assayed in media that contained low concentrations of calf serum (see Methods). Both 3T3 and SV-3T3 cells, when plated in Dulbecco's and Vogt's modification of Eagle's medium without serum, will attach to the Petri dish but will die after about 24-48 hr. When the growth-promoting factors (peaks I, II, and III) are added to the serum-free medium, the cells still die. It seems, therefore, that at least one additional factor in serum is essential for the survival of both 3T3 and SV-3T3 cells. One such "survival" factor has been found to be present in normal rat serum. "Survival" factor activity is found in the a-globulin region on Pevikon electrophoresis (Fig. 2b) . Since "survival" activity runs close to the albumin peak (Fig. 2b) , commercially available purified albumin preparations were tested in the standard assay for "survival" factor. No "survival" activity has been found to be associated with these preparations (crystalline human and bovine albumin).
